A B S T R A C T Purpose To compare American Joint Committee on Cancer (AJCC), International Union Against Cancer (UICC), and Brigham and Women's Hospital (BWH) tumor (T) staging systems for cutaneous squamous cell carcinoma and validate BWH staging against prior data. Patients and Methods Primary tumors diagnosed from 2000 to 2009 at BWH (n 5 1,818) were analyzed. Poor outcomes (local recurrence [LR], nodal metastasis [NM], and disease-specific death [DSD]) were analyzed by T stage with regard to each staging system's distinctiveness (outcome differences between stages), homogeneity (outcome similarity within stages), and monotonicity (outcome worsening with increasing stage). Results AJCC and UICC T3 and T4 were indistinct with overlapping 95% CIs for 10-year cumulative incidences of poor outcomes, but all four BWH stages were distinct. AJCC and UICC high-stage tumors (T3/T4) were rare at 0.3% and 3% of the cohort, respectively. Most poor outcomes occurred in low stages (T1/T2; AJCC: 86% [95% CI, 77% to 91%]; UICC: 70% [61% to 79%]) resulting in heterogeneous outcomes in T1/T2. Conversely, in BWH staging, only 5% of tumors were high stage (T2b/T3), but they accounted for 60% (95% CI, 50% to 69%) of poor outcomes (70% of NMs and 83% of DSDs) indicating superior homogeneity and monotonicity as previously defined. Cumulative incidences of poor outcomes were low for BWH low-stage (T1/T2a) tumors (LR, 1.4% [95% CI, 1% to 2%]; NM, 0.6% [95% CI, 0% to 1%]; DSD, 0.2% [95% CI, 0% to 0.5%]) and higher for high-stage (T2b/T3) tumors (LR, 28% [95% CI, 19% to 38%]; NM, 25% [95% CI, 16% to 35%]; and DSD, 22% [95% CI, 13% to 34%]), which validated an earlier study of an alternative staging system. Conclusion BWH staging offers improved distinctiveness, homogeneity, and monotonicity over AJCC and UICC staging. Population-based validation is needed. BWH T2b/T3 tumors define a high-risk group requiring further study for optimal management.
INTRODUCTION
An estimated 3,500,000 cases of nonmelanoma skin cancer are diagnosed annually in the United States with 700,000 being cutaneous squamous cell carcinoma (CSCC), assuming a 20% proportion of CSCC. 1 Most patients with CSCC have an excellent prognosis after surgical clearance. 2,3 However, there is a subset of CSCC that carries increased risk of local recurrence (LR), nodal metastasis (NM), and disease-specific death (DSD).
CSCC is excluded from Surveillance, Epidemiology, and End Results (SEER) tracking because of its commonness and excellent overall prognosis.
Population-based incidence of poor outcomes is therefore not available. However, risks of NM and DSD are estimated to be 3.7% to 5.2% and 1.5% to 2.1%, respectively. 4-7 An estimated 3,932 to 8,791 deaths occur annually in the United States as a result of CSCC. In central and southern states, incidence of death as a result of CSCC is estimated to rival that of melanoma and several other common cancers. 8 Several clinical and histologic risk factors are associated with increased risk of recurrence, metastasis, and death, including perineural or lymphovascular invasion, poorly differentiated histology, diameter of 2 cm or greater, depth beyond the dermis, location on ear or lip, recurrent tumors, and immunocompromised host status. 4, 6, [9] [10] [11] However, high-risk CSCC has not been consistently defined, nor has associated prognosis been estimated. Clinicians have little evidence to guide decisions regarding nodal staging and adjuvant therapy. Subsequently, management varies widely. 2, 12, 13 Recent data show high cure rates for CSCC of the head and neck when NMs are detected early and treated appropriately. 14, 15 Thus, accurate prediction of patients with CSCC who are at risk for metastasis may be beneficial. It may aid in the design of clinical trials and allow clinicians to target nodal staging, including sentinel node biopsy, and adjuvant therapies such as radiation or immune modulation earlier in the course of disease when they are most effective.
In 2002, the American Joint Committee on Cancer (AJCC) defined the goal of cancer staging to be separation of patients into groups which are distinctive (outcomes differ between staging groups), homogeneous (outcomes are similar within staging groups), and monotonous (outcomes worsen with increasing stage). 16 The AJCC and International Union Against Cancer (UICC) published revised tumor (T) staging systems for CSCC in 2010 based on expert consensus. [17] [18] [19] Our group recently published the first validation study of the new AJCC T staging system by using patient outcome data. 20 The study showed that the bulk of poor outcomes (83% of NMs and 92% of DSDs) occurred in AJCC T2 tumors. An alternative T staging system was developed that subdivided T2 tumors into low-risk T2a and high-risk T2b categories, the latter of which contained few patients (19% of the cohort) but the majority of poor outcomes (72% of NMs and 83% of DSDs). 20 Thus, this study indicated that the alternative staging system may offer improved homogeneity and monotonicity over AJCC staging.
This study was undertaken to compare AJCC, UICC, and Brigham and Women's Hospital (BWH) T staging systems with regard to distinctiveness, homogeneity, and monotonicity and to validate the BWH staging system (a modification of our previously published alternative system) in a larger cohort of patients with CSCC via comparison with the initial study.
PATIENTS AND METHODS

Patient Selection
The Brigham and Women's Department of Pathology electronic database was searched for pathology reports with a diagnosis of CSCC dated January 1, 2000, to December 31, 2009. Cases of noncutaneous SCC, in situ CSCC, and recurrent (nonprimary) CSCC were excluded. Anogenital and eyelid CSCCs were also excluded because these are staged separately in AJCC and UICC T staging. Details of data collection methods are described in the Data Supplement.
Statistical Analyses
Statistical analysis including Fine and Gray competing risk modeling 21,22 was performed by using primary tumor data for each patient with CSCC. Details of the modeling methods are described in the Data Supplement.
Validation of the BWH T Staging System
To validate the newly developed BWH staging system, the results of multivariable modeling of risk factors predictive of each end point of interest were compared with the initial study of the alternative staging system to confirm that the same risk factors were again predictive. In addition, 10-year cumulative incidences of end points by T stage were compared between the initial study and this study to determine whether the same trends of increasing incidence of poor outcomes with increasing T stage were demonstrable. 20
Comparison of AJCC, UICC, and BWH Staging Systems
Tumors were classified according to 2010 AJCC, 2010 UICC, and BWH T staging systems ( Table 1 ). Life-tables of LR, NM, and DSD outcomes by T stage of each staging system were compiled. To evaluate distinctiveness of tumor staging systems, 10-year cumulative incidences with 95% CIs and pair-wise comparison tests were calculated for each end point (Gray's test for cumulative incidence function curves and log-rank test for Kaplan-Meier curves). To evaluate homogeneity, the proportion of poor outcomes (LR, NM, and DSD) occurring in low T stages was compared between staging systems. Monotonicity was evaluated by comparing the proportion of LRs, NMs, and DSDs occurring in high T stages between systems. Homogeneity and monotonicity of the staging systems were also evaluated by calculating McNemar's test for each end point.
Cumulative incidence function curves were used to illustrate the survival probabilities of BWH T stages for competing risk end points (LR, NM, DSD), 
RESULTS
Cohort Characteristics
The pathology database yielded 1,980 primary invasive (not in situ) CSCC tumors. After medical record review, 148 tumors were excluded because of insufficient primary tumor information, and nine anogenital and five eyelid tumors were excluded, leaving 1,818 tumors in 974 patients in the final study cohort.
Baseline cohort characteristics are summarized in Table 2 along with the fraction of LR, NM, DSD, and OD occurring in each subgroup. The median age at diagnosis was 71 years (range, 37 to 93 years). The majority of patients (98%) were non-Hispanic white and male (53%). Median follow-up time was 50 months (range, 2 to 142 months). The majority of patients (n 5 711 [73%]) had a single tumor, 209 (21%) had two to four tumors, and 54 (6%) had five or more tumors. One hundred forty-one patients (14%) were immunosuppressed. The majority of CSCC tumors were less than 2 cm in diameter (85%), well differentiated (66%), and did not invade subcutaneous fat or deeper structures (90%). Seventyfour tumors (4%) had perineural invasion.
Univariable and Multivariable Analyses
Results of univariable and multivariable analysis of risk factors associated with the development of LR, NM, DSD, and OD are shown in the Data Supplement.
Validation of the BWH T Staging System
This study showed the same four risk factors to predict end points of interest on multivariable analysis as in our prior study (tumor diameter $ 2.0 cm, poorly differentiated histology, perineural invasion, and tumor invasion beyond fat) 20 (see the Data Supplement). For the perineural invasion risk factor, four LRs and no NMs or DSDs occurred in the 37 patients with small-caliber nerve invasion (, 0.1 mm). Conversely, in the group with largecaliber nerve invasion (n 5 32), there were five LRs, six NMs, and four DSDs. Thus, only large-caliber nerve invasion was considered a risk factor in the BWH staging system, whereas this diameter distinction could not be made in the prior study because of small numbers of patients with perineural invasion. Otherwise, BWH staging is the same as our previously published alternative staging system. Table 3 shows that 10-year cumulative incidences of end points of interest by BWH T stage are similar compared with those in the prior study. Point estimates are lower and CIs are narrower in this study, as expected, because this study has a larger and broader cohort of patients with CSCC than the initial study. Figure 1 presents the cumulative incidence and Kaplan-Meier curves for each outcome of interest by BWH T stage.
Comparison of AJCC, UICC, and BWH T Staging Systems
The Data Supplement presents life-table outcome data for LR, NM, DSD, and OD by AJCC, UICC, and BWH T stage. The large majority of tumors were T1 (75% [AJCC], 89% [UICC], and 77% [BWH]). A much smaller fraction were AJCC (25%) and UICC (9%) T2 and BWH T2a (18%). Few tumors were UICC T3 (2%) or BWH T2b (5%). Few tumors met AJCC T3, AJCC T4, and UICC T4 criteria with only three tumors in each of these stages. Similarly, only six tumors were in the highest BWH stage (BWH T3). Table 3 shows 10-year cumulative incidences for outcomes of interest by T stage system. CIs overlap substantially for AJCC and UICC T3 and T4 for all end points, as do all four UICC stages for the end point of OD, indicating that AJCC and UICC T3 and T4 are not distinct and that UICC staging does not predict OD. BWH T stages have slight overlap of CIs for the end point of OD but otherwise no overlap, indicating good distinctiveness of all four stages for the end points of LR, NM, and DSD. These findings showing distinction between stages were confirmed on pair-wise comparison testing (Gray's and log-rank tests) shown in the Data Supplement.
Homogeneity evaluation of whether outcomes are similar within stages was evaluated by comparing the proportion of poor outcomes occurring in low T stages between systems (Table 4 ). In AJCC and UICC staging, 86% (95% CI, 77% to 91%) and 70% (95% CI, 61% to 79%) of poor outcomes were clustered in low T stages (UICC and AJCC T1 and T2, respectively). Conversely, in BWH staging, 40% (95% CI, 30% to 49%) of poor outcomes occurred in low T stages (T1 and T2a); most (66%) were LRs. The nonoverlapping CIs indicate that the BWH system had a significantly lower proportion of poor outcomes in low T stages compared with AJCC and UICC systems, thus showing a higher degree of homogeneity. In AJCC and UICC systems, T1 and T2 stages comprise a heterogeneous mix of cases having good but also many poor outcomes.
Monotonicity (higher proportions of poor outcomes occur at higher tumor stages) was evaluated by comparing the proportion of poor outcomes occurring in high T stages between systems (Table 4) . Only 14% (95% CI, 9% to 23%) and 30% (95% CI, 21% to 39%) of poor outcomes occurred in high tumor stages (T3 and T4) for AJCC and UICC systems, respectively. In BWH staging, 60% (95% CI, 50% to 69%) of poor outcomes occurred in high BWH T stages (T2b and T3), including 70% of NMs and 83% of DSDs. AJCC and UICC staging does not consolidate poor outcomes in the upper stages, and thus they are not monotonous systems. BWH staging showed greater monotonicity.
The Data Supplement summarizes the results of McNemar's test for CSCC outcomes by staging system. The results confirm superior homogeneity and monotonicity in the BWH staging system compared with the AJCC and UICC staging systems. Table 5 summarizes the number of tumors that were upstaged and downstaged by using the BWH T staging system compared with AJCC and UICC staging, and the number of LRs, NMs, and DSDs associated with such changes in stage. Of the 112 tumors that were downstaged from AJCC T2 to BWH T1, there were only two LRs and one NM. Similarly in 56 tumors downstaged from high UICC stage (T2/T3) to low BWH stage (T1/T2a), there was only one LR. In 20 tumors downstaged from high UICC stage (T3) to high BWH stage (T2b), there were four LRs, six NMs, and three DSDs. However, UICC T3 and BWH T2b each represent the third stage in their staging system and thus represent high-stage disease in both systems. These data indicate that tumors downstaged by the BWH system to low-stage www.jco.org disease (BWH T1 and T2) are at low risk for poor outcomes and are thus appropriately downstaged. Table 5 shows that several poor outcomes occurred in tumors that were upstaged in the BWH system, indicating appropriate upstaging by the BWH system. In the 86 cases that were upstaged from low AJCC stage (T1/T2) to high BWH stages (T2b/T3), there were 18 LRs, 18 NMs, and nine DSDs. Similarly, in 66 cases upstaged from low UICC stage (T1/T2) to high BWH stage (T2b), there were 14 LRs, 12 NMs, and six DSDs.
DISCUSSION
To the best of our knowledge, this is the first study to evaluate both UICC and AJCC tumor staging systems for CSCC. The results indicate significant difficulties with current staging. The UICC system has the most poor outcomes in T1 (57% of LR, 52% of NM, and 28% of DSD) and T2 (23% of LR, 15% of NM, and 22% of DSD). T4 cases are rare, with only three of 1,818 tumors in this category. UICC staging relies solely on tumor diameter more than 2 cm to upgrade to T2 and on deep invasion (muscle or beyond) to upgrade to T3 and T4. Thus, many tumors with important risk factors such as poor differentiation and nerve invasion remain in UICC T1, likely accounting for the many poor outcomes occurring in this group.
AJCC 2010 staging expanded T2 and limited T1 by upgrading poorly differentiated, neurally invasive, and deep (. 2 mm or invading beyond papillary dermis) tumors to T2 as well as tumors of the ear or vermillion lip. This moved poor outcomes out of T1. However, because T3 and T4 are reserved for bone invasion, which is rare (in only six of 1,818 tumors herein), the bulk of poor outcomes (72% of LRs, 82% of NMs, 67% of DSDs) occurred in T2 tumors. These difficulties with AJCC staging were noted in our prior study and demonstrated again in this study cohort. 20 Such clustering of poor outcomes in low T stages (T1/T2) suggests poor homogeneity and monotonicity and renders T3 and T4 indistinct and inconsequential, limiting the prognostic utility of both UICC and AJCC T staging.
The BWH T staging system was developed with the goal of having a greater proportion of poor outcomes in the higher T stages, which would improve homogeneity and monotonicity with greater separation of high-risk and low-risk tumors. The system is built on the four risk factors significantly associated with at least two CSCC outcomes of interest on multivariable analysis in our two cohort studies. These risk factors (tumor diameter $ 2 cm, poorly differentiated histology, depth of tumor invasion beyond fat, and perineural invasion $ 0.1 mm) have also been associated with poor outcomes in previous CSCC studies. 4-7,9,10,23,24 T1→T2a  81  2  2  0  T2→T1  112  2  1  0  T1→T2b  2  0  0  0  T2→T2b  84  18  18  9  UICC  T1→T2a  235  12  7  2  T2→T1  43  1  0  0  T1→T2b  37  7  9  3  T3→T1  13  0  0  0  T2→T2b  29  7  3  3  T3→T2a  6  1  0  0  T3→T2b  20  4  6  3 Abbreviations: AJCC, American Joint Committee on Cancer; BWH, Brigham and Women's Hospital; DSD, disease-specific death; LR, local recurrence; NM, nodal metastasis; T, tumor stage from TNM staging system; UICC, International Union Against Cancer.
The BWH tumor staging system divides AJCC T2 tumors into two separate groups; a large low-risk T2a group and a smaller highrisk T2b group, and collapses AJCC T3/T4 (bone invasion tumors) into a single BWH T3 group, which also includes rare high-risk tumors with all four risk factors but no bone invasion. BWH T2b and T3 together account for a small fraction (5%) of CSCCs but a large majority of LRs, NMs, and DSDs (47%, 70%, and 83%, respectively). These figures are similar to our prior study of a smaller higher-risk CSCC cohort in which 57% of LRs, 84% of NMs, and 100% of DSDs occurred in T2b and T3. 20 The two lower stages (BWH T1 and T2a) rarely have poor outcomes and a 97% 10-year cure rate. Thus, current treatments appear adequate for this group. Studies of these lower T stages may focus on prevention and cost-effectiveness of different therapeutic modalities.
Conversely, BWH T2b and T3 tumors had a 21% (95% CI, 14% to 31%) and 67% (95% CI, 30% to 90%) risk of NM, respectively. These two stages therefore define a high-risk CSCC group in which nodal staging such as sentinel node biopsy and adjuvant therapy could be considered. Studies of sentinel node biopsy in patients with CSCC indicate that it is safe and has high sensitivity and specificity. More than 20% of patients with high-risk CSCC reported to date have had positive sentinel nodes. 12 This is much higher than the 5% to 10% usually reported in melanoma studies, indicating that sentinel node biopsy may be underutilized in high-risk CSCC. Studies evaluating the impact of sentinel lymph node biopsy on CSCC outcomes are needed.
This study is subject to some limitations. The evaluations of UICC, AJCC, and BWH tumor staging systems in this study and our prior study are based on data from academic centers. Although the difficulties with UICC and AJCC staging likely generalize to CSCC at large and these systems have never been validated in a population-based study, the BWH tumor staging system should undergo further validation in a broader, ideally population-based cohort before wide-scale use. The study of molecular and genetic prognostic factors in CSCC is in its infancy, so such factors were not included in this study but may be important in future prognostic models. Although this is the largest study to date of CSCC outcomes, it may have been underpowered to evaluate some potentially important prognostic factors such as immunosuppression. Tumor depth in millimeters was not often recorded on pathology reports, so tissue level of invasion was used as the primary measurement of tumor depth in this study. Future studies may evaluate whether millimeter depth or tissue level of invasion has greater prognostic reliability in CSCC.
Although most CSCCs are easily cured, there is a high-risk subset with an increased risk of metastasis and death. Current UICC and AJCC T staging fail to identify this high-risk subset because the majority of poor outcomes occur in low T stages that comprise heterogeneous tumors with diverse risk profiles. Conversely, the BWH system has four statistically distinct stages and offers increased homogeneity and monotonicity over AJCC and UICC staging, given its enhanced ability to appropriately upstage high-risk tumors from low to high stages, thus consolidating poor outcomes in the upper two stages. Although these two stages make up only 5% of the cohort, they account for the majority (60%) of poor outcomes, including 70% of NMs and 83% of DSDs. In this cohort, the 10-year incidence of LRs, NMs, and DSDs is 28%, 25%, and 22%, respectively, for BWH T2b and T3 tumors. Thus, BWH T2b and T3 tumors make up a high-risk subset of CSCC worthy of further study regarding staging and adjuvant therapy. More work remains to further refine and validate tumor staging systems in CSCC and to define optimal treatment of high-risk tumors.
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GLOSSARY TERMS
American Joint Committee on Cancer (AJCC)/ International Union Against Cancer (UICC) TNM staging: a cancer staging system that describes the extent of cancer in a patient's body. "T" describes the size of the tumor and whether it has invaded nearby tissue; "N" describes regional lymph nodes that are involved; "M" describes distant metastasis (spread of cancer from one body part to another). The TNM Classification of Malignant Tumours was developed and maintained by the UICC to achieve consensus on one globally recognized standard for classifying the extent of spread of cancer. The TNM classification was also used by the AJCC. In 1987, the UICC and AJCC staging systems were unified into a single staging system. Prognosis of a patient is defined by TNM classification.
cumulative incidence: a statistical measure of an event of interest (eg, relapse, death, second malignant neoplasm, a specific disease) occurring in a specified period of time in the population at risk. It is calculated using the formula: (number of new cases of the event of interest)/(total population at risk).
